II. Observations on Prisoners of War in
This paper has its origin in work done in a prisoner of war hospital camp in Siam. Under the prevailing condition of protein-starvation there the Van Slyke formulae for calculating urea clearance as a percentage of normal were found to be completely misleading. The only literature then available was a handbook of laboratory methods giving the bare routine of the test without indicating the source of factors in the formulae. Therefore an attempt was made to devise our own standards, including adjustment for the rate of tirine excretion. When eventually I was able to obtain copies of the principal papers by Van Slyke and his colleagues (Austin et al., 1921 ; McIntosh et al., 1928; Moller et al., 1928) it seemed of interest to compare our results with theirs.
The initial objective was to see if the method of adjustment for the rate of urine excretion used in Siam, or a modification of it, might provide a single generally applicable formula by which procedure could be both simplified and unified in place of the two in current use. This objective was achieved (see appendix), but in the course of the work I found myself forced to the conclusion that the Van Depending on the rate of urine excretion it is computed by one or other of two formulae.
C.=U-VV/B when V is less than about 2 (1).
Cm=UVlB when V is greater than about 2 (2). where V =volume of urine excreted in ml. per minute.
U=concentration of urea in urine in mg. N per ml.
B=concentration of urea in blood in mg. N per ml. (Different units have been used at different times in the literature, but those quoted will be adhered to throughout this paper.) C. is called the "standard urea clearance at a urine excretion rate of 1 ml. per minute."
Cm is the " maximum clearance rate " observed at high rates of urine excretion.
The adjustment for the rate of urine excretion derives from the observation that the amount of urea excreted (UV) is approximately proportional to %/ V when V is less than about 2 ml. per minute, and is constant when V is greater than that. The accepted normals are C.= 54 with a range from 34 to 75; Cm= 75 with a range from 52 to 98. Observations outside these limits are supposed to indicate renal abnormalities.
II. Observations on Prisoners of War in Siam
The chemical aspects of the work in Siam and the conditions under which it was done have been described by Wilshaw (1947) . Data Since there was only one blood urea observation per man the internal correlation of V and B cannot be evaluated. Fig. 1 Fig. 1 , with the possible exception of the one at B =0.34, were renally efficient. In the subsequent discussion they will be regarded as a sample of renally normal men; the argument will not be impaired if a few were in fact diseased.
III. Comparison of Average Urea Concentrations
A comparison of urea concentrations and clearance rates observed in Siam with others recorded in the literature is given in Table I . Three main groups are represented.
(1) Residents of the U.S.A. who had, presumably, a fairly high protein diet; (2) Indians on a moderate to low protein diet; (3) ences between individuals. In particular it has been assumed that the ratio of urine urea to blood urea makes allowance for variation in the amount of urea available for excretion, in other words, for variation in diet.
That assumption is essential for the validity of the test as it is usually applied, and yet I am uncertain whether or not it has been made consciously. More recent work seems to imply that the ratio is a characteristic worthy of study in its own right. This point of view will be discussed in section V. That it was eventually assumed to allow for differences in diet is made clear by the following quotation (Moller et al., 1928) :
-In subjects with such renal loss the blood urea may, in fact, even be less than the normal average. The remark is typical of numerous others occurring throughout the literature. The urea clearance rate having become established as a measure of renal efficiency it has become customary to write, without thought that the measure may be faulty, " renal efficiency is low," when what is meant is that " the ratio of urine urea to blood urea concentration is low compared with the ratio observed in a small group of Americans." Our data show that observations of an extremely low urea clearance rate (CQ = 10, or 18 % of the accepted normal) may have nothing whatever to do with renal inefficiency. The kidneys of all groups recorded in Table I were correctly performing their function of keeping excretion in balance with intake and so were fully efficient. Differences in their clearance rates measure only the protein diets of the subjects.
V. Methods of Deriving Efficient Diagnostic Criteria The object of a clinical test is to discriminate between conditions of health and disease. There must be some criteria to which the results of a test can be referred in order to make a decision. In general there will be no hard and fast line between health and disease. In order to have a logical basis for deciding the levels at which criteria should be set and for knowing just what subsequent tests may mean, it is necessary to consider the probability of a wrong diagnosis. The criteria should depend on some decision as to the relative seriousness of considering a person diseased when he is in fact healthy, or vice versa. The probability of the former can be assessed when the frequency distribution of the observation is known for a normal population similar in all respects to a population to be tested, except for occurrence of abnormalities of the kind being sought (Neyman's error of the first kind). The probability of the reverse will depend on how far the diseased condition is removed from normality, and consequently can only be assessed for specified degrees of abnormality (Neyman's error of the second kind).
If only one characteristic is observed the problem is merely to fix the point on a single scale where the probabilities of either error are reasonably balanced. But when two or more characters are observed we have a choice of numerous types of region which may be demarcated with equal probability of an error of the first kind. We have to consider which of these regions will maximize the power of the test to discern the abnormality in question.
To illustrate: let us assume that the 65 observations depicted in Fig. 1 with the relative position of 6 the normals (Fig. 1) The following considerations make it seem unlikely that a function of these five variates will be appreciably more effective to detect renal deficiency than will observation of blood urea levels alone. Either urea excreted must balance protein consumed, or blood urea must be increasing. If the kidneys are not functioning efficiently, presumably the excretion required to balance intake may be achieved by a higher concentration in the blood. If the patient in that way maintains a stationary position his urine must be normal for his diet (if it can be assumed that excretion in sweat is not materially increased), and therefore the condition is shown by a high blood urea level only. If the urea excreted is less than the intake, either the balance not excreted must be very small or blood urea must be increasing rapidly. It seems unlikely t Since the first draft of this paper was written (December, 1947) I have learnt that suggestions to apply these ideas to cinical medicine have also been made by others. A paper for presentation to a conference of the Royal Statistical Society in October, 1948, by R. B. that determinations of urea in urine may be sufficiently accurate to detect the first of these conditions. In the second no refinement on observation of blood urea alone is likely to be required. Nevertheless the possibilities merit further investigation.
Addis proposed observation of the clearance ratio when supplementary urea was administered, and this is the test chiefly considered by Cope (1934) . We had no means in Siam of artificially increasing blood urea concentrations and are not in this paper concerned with circumstances thus created except as they affect interpretation of the data of Moller et al. Presumably diet would not affect the response of normal subjects to extra urea; and, if it can be shown that renally defective individuals react differently, this test might be of some use when referred to observations on the same individual " at rest " rather than to fixed standards.
Some observations by Van Slyke (1947) suggest that observation of the slope and curvature of the regression of log U on log V at low urination rates might be informative. This will, however, be very susceptible to differing abilities to evacuate more or less completely, and artificial methods might have to be used.
A more important defect in the procedure used to set criteria for the urea clearance test is illustrated by Fig. 1 . The limits accepted as normal were simply the highest and lowest ratios observed in a casual sample of 18 subjects who seem to have been mostly workers in the laboratory. Our sample of 15 normals (about the same size of sample) was drawn in a similar way, being workers nearly all from one hut. Following the same procedure our lower criterion would have been given by a line through the point D and parallel to S.
This would have resulted in classing 27% of our patients as renally deficient, which would have been manifestly erroneous. The reasonable explanation is that workers probably had better food than many patients. Analogous differences occur between the original laboratory sample of Van Slyke et al. and patients subsequently tested who, being suspected of renal defect, would often have been given protein-low diet. The lower criterion derived in that way, and since 1928 accepted as the dividing line for test purposes, is shown by the dotted line in Fig. 1 . It would condemn 95% of those we observed, including all the normals, as renally defective.
The moral is that observations from which a clinical criterion is to be derived must be properly representative of the population to which the test is to be applied. Furthermore, in order accurately to assess the probability of error the sample must be large, say, 500 to 1,000 persons. Confidence limits derived from the t test of small sample theory are not satisfactory for setting control limits (Deming and Birge, 1938) . The labour required will be small compared to the waste in applying tests whose reliability is unknown and undefined. It should be noted too that the essential requirement is observations on a large number of persons, not many observations on a few. Single observations per person would serve, but duplicates would be preferable to control gross accidental errors, and to obtain estimates of sampling variance within and between persons, say Ve and Vp. The error variance of a mean of n observations on one individual is then given by V, -Ve In; and the efficient number of observations to make in any given circumstances will depend on balancing the cost of n observations against value of consequent accuracy.*
VI. Summary
Observations on prisoners of war in Siam show that when diet contains little protein the blood urea concentration is still maintained at normal levels while urea excreted in urine is greatly reduced, as of course it must be to balance with the amount of protein consumed. Underlying the Van Slyke urea clearance test is the assumption that, by observing the ratio of urea in urine to its concentration in blood, allowance is made for the effect of diet on urine urea. That assumption is shown to be false. Consequently the urea clearance test as generally used without reference to diet is not a trustworthy measure of "renal efficiency" and may be completely misleading. Men with efficient kidneys were observed to have a " standard urea clearance " as low as 10, or 18 % of the accepted normal.
The reasoning which led to setting misleading criteria for this test is discussed. It seems that observations on urine urea are unlikely to be of much use in testing for renal efficiency, but the possibilities should be further investigated. Methods for doing so and for deriving efficient criteria for clinical tests in general are indicated.
The observations on prisoners of war were made in the pathology laboratory of the camp at Nakom Patom, Siam, from January to July, 1945 (Cope, 1933; Van Slyke et al., 1934; Farr, 1936; Longley and Miller, 1942; Van Slyke, 1947 The relation of urea concentration in urine (U) to the rate of urine excretion (V) may be described by an equation of the form log U=A -log (a+V)
or, more empirically, by log U=a-0.48 log V-0.3 (log V)2
Curvature shown by different individuals varies considerably. The constants given are average values which may serve sufficiently well, when the number of observations on a person are too few to determine his own characteristic curve, to estimate urine urea concentrations for comparison with others. Adding regression on body height, a convenient equation to estimate urine urea concentration (U) at any fixed urination rate (V.) and height (Ho) is log U=log U+0.48 (log V -log Vo)+0.3 (log5V log2VO)-1.5 (log H-log Ho) where U, V, and H are observed values.
The two curves used by Van Slyke et al. to estimate urine urea concentrations at fixed urination rates are a reasonable approximation to the actual curve, but the consequent partitioning of data into two parts when such estimates are required is a nuisance and inefficient. Their " augmentation rate " is artificial. It does roughly indicate a point where the curve approaches close to its asymptote and beyond which it may be considered to be straight, but it is not a satisfactory statistic for comparison of different curves.
The hypothesis of Moller, McIntosh, and Van Slyke (1928a) that, at a given rate of urination, urine urea concentration is proportional to body size appears to be justified. Their further opinion that no accuracy is gained by trying to estimate surface area from weight as well as height is also confirmed. Their procedure for doing this is, however, circuitous and confusing. It 
